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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrode which is constituted using the material replaced by boron and/or aluminum or boron and/or 
aluminum, and transition metals in some manganese of a spinel type lithium manganic acid ghost, and is 
characterized by the bird clapper. 

[Claim 2] The electrode which is constituted using the material expressed with LiBx My Mn2-x-y 04 (0< x, 0<=y, 
0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a kind), and is characterized by the 
bird clapper. 

[Claim 3] The electrode which is constituted using the material expressed with LiAlx My Mn2-x-y 04 (0< x, 0<=y, 
0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a kind), and is characterized by the 
bird clapper. 

[Claim 4] For 0.01-ly, x is [ 0-1, and x+y ] the electrode of the claim 2 characterized by being 0.01-1, or a claim 3. 
[Claim 5] a claim 1 - a claim 4 — the lithium secondary battery characterized by the bird clapper from the positive 
electrode which consists of one of electrodes, a negative electrode, and the electrolytic solution 
[Claim 6] The lithium secondary battery of the claim 5 characterized by a negative electrode consisting of material 
chosen from the groups of an intercalation compound. 

[Claim 7] The lithium secondary battery of the claim 5 characterized by being the nonaqueous electolyte by which 
the electrolytic solution dissolved lithium salt in the organic solvent. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a lithium secondary battery. 
[0002] 

[Problem(s) to be Solved by the Invention] It is LiMn 204 by Thackeray and others. Since the possibility as a 
positive-electrode material for lithium secondary batteries which shows the high potential called 4v was suggested, 
many researchers have inquired briskly. However, LiMn 204 The lithium secondary battery used as a positive 
electrode has the fault to which capacity falls gradually, when charge and discharge are repeated. 
[0003] Namely, LiMn 204 If a shell Li is made to break away, incurvation of potential will occur [ lithium 
composition ] in the 1/2 neighborhood, and grid volume will contract greatly simultaneously. On the contrary, if 
lithium composition inserts a lithium and goes from a small field, expansion of grid volume will occur [ lithium 
composition ] in the 1/2 neighborhood. Thus, the phase transition accompanied by expansion and contraction of 
grid volume happens at the time of charge and discharge, and it is considered the cause of capacity degradation at 
the time of this repeating a charge-and-discharge cycle. 

[0004] In order to improve capacity degradation by the repeat of this charge-and-discharge cycle, it is LiMn 204. Li 
[Mx Mn2-x] 04 (M is Cr, Co, nickel, Ti, Fe, Mg, Ba, Zn, germanium, and Nb) which replaced a part of Mn by 
other metal ions, and Li[Lix Mn2-x] 04 which were replaced by the lithium ion It was tried. And LiCrx Mn2-x 04 
The increase of the stability of the mother structure of a spinel and the cycle property improved. 
[0005] However, the further improvement was called for. Therefore, the technical problem which this invention 
tends to solve is offering the lithium secondary battery by which capacity degradation at the time of repeating a 
charge-and-discharge cycle was prevented. 
[0006] 

[Means for Solving the Problem] The technical problem of the aforementioned this invention is solved by the 
electrode which is constituted using the material replaced by boron and/or aluminum or boron and/or aluminum, 
and transition metals in some manganese of a spinel type lithium manganic acid ghost, and is characterized by the 
bird clapper. 

[0007] The electrode which is constituted using the material especially expressed with LiBx My Mn2-x-y 04 (0< x, 
0<=y, 0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a kind), and is characterized 
by the bird clapper is solved. Moreover, the electrode which is constituted using the material expressed with LiAlx 
My Mn2-x-y 04 (0< x, 0<=y, 0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a 
kind), and is characterized by the bird clapper is solved. 

[0008] In addition, the above-mentioned LiBx My Mn2-x-y 04 LiAlx My Mn2-x-y 04 It sets and that [ x ] 0-1, and 
whose x+y are 0.01-1 is [ 0.01-ly ] desirable. As for especially x, 0.05-0.2 are desirable. As for y, 0.05-0.2 are 
desirable. Moreover, the technical problem of the aforementioned this invention is solved by the lithium secondary 
battery characterized by the bird clapper from the positive electrode which consists of the above-mentioned 
electrode, a negative electrode, and the electrolytic solution. 

[0009] In addition, the negative electrode in the above-mentioned lithium secondary battery consists of material 
chosen from the groups of an intercalation compound like for example, a lithium metal or carbon. Moreover, the 
electrolytic solution in the above-mentioned lithium secondary battery consists of nonaqueous electolytes which 
dissolved lithium salt in the organic solvent. And since the electrode made to constitute as mentioned above is the 
thing of the structure by which atomic weight was small and replaced some manganese of a spinel type lithium 
manganic acid ghost from Mn with trivalent boron ion and trivalent aluminum ion with strong binding energy with 
oxygen, capacity degradation at the time of repeating a charge-and-discharge cycle is prevented effectively. 
[0010] 

[Embodiments of the Invention] The electrode of this invention, especially the positive electrode of a lithium 
secondary battery are constituted using the material replaced by boron and/or aluminum or boron and/or aluminum, 
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and transition metals in some manganese of a spinel type lithium manganic acid ghost. It is constituted using the 
material especially expressed with LiBx My Mn2-x-y 04 (0< x, 0<=y, 0< x+y< 1 and M are chosen from the 
groups of Cr, Fe, Co, and nickel at least a kind). Moreover, it is constituted using the material expressed with LiAlx 
My Mn2-x-y 04 (0< x, 0<=y, 0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a 
kind). And x is [ especially 0.01-1 (especially 0.05-0.2), and x+y of 0.01-1 (especially 0.05-0.2)y ] 0.01-1. 
[001 1] Moreover, the lithium secondary battery of this invention consists of the positive electrode which consists of 
the above-mentioned electrode, a negative electrode, and the electrolytic solution. The negative electrode in this 
lithium secondary battery is chosen from the groups of an intercalation compound like for example, a lithium metal 
or carbon. Moreover, the electrolytic solution consists of nonaqueous electolytes which dissolved lithium salt in the 
organic solvent. Hereafter, it explains further. 
[0012] [LiBx Mn2-x 04] 

Manganese salt, or oxy -manganese hydroxide and manganic acid ghosts, such as lithium salt; manganese carbonate, 
such as a lithium carbonate and a lithium hydroxide, manganese acetate, oxalic acid manganese, manganese 
hydroxide, and manganese dioxide; weighing capacity of a boron salt or boron oxides, such as boric-acid and 
diacid-ized boron, is carried out so that it may be set to Li:B:Mn=l :x:2~-x (element ratio). 

[0013] The raw material which carried out weighing capacity is fully mixed with an agate mortar. After mixture and 
in air or an oxygen air current, at 450 degrees C, it applies for 90 minutes and heat-treats. Then, an agate mortar 
grinds, and it calcinates over 24 hours again at 600-800 degrees C, and cools slowly, and is LiBx Mn2-x 04. It 
obtained. 

[LiBx My Mh2-x-y 04 (M is Cr, Fe, Co, and nickel)] 

Manganese salt, or oxy -manganese hydroxide and manganic acid ghosts, such as lithium salt; manganese carbonate, 
such as a lithium carbonate and a lithium hydroxide, manganese acetate, oxalic acid manganese, manganese 
hydroxide, and manganese dioxide; weighing capacity of the compounds, such as salts, such as boron salts, such as 
boric-acid and diacid-ized boron, or a carbonate of boron oxide;M (M is Cr, Fe, Co, and nickel), acetate, and an 
oxalate, an oxide, a hydroxide, or an oxy-hydroxide, is carried out so that it may become Li:B:M:Mn=l :x:y : 
[0014] The raw material which carried out weighing capacity is fully mixed with an agate mortar. After mixture and 
in air or an oxygen air current, at 450 degrees C, it applies for 90 minutes and heat-treats. Then, the agate mortar 
ground, again, it calcinated and cooled slowly over 24 hours at 600-800 degrees C, and LiBx My Mn2-x-y 04 (M is 
Cr, Fe, Co, and nickel) was obtained. 
[0015] [LiAlx Mn2-x 04] 

Manganese salt, or oxy-manganese hydroxide and manganic acid ghosts, such as lithium salt; manganese carbonate, 
such as a lithium carbonate and a lithium hydroxide, manganese acetate, oxalic acid manganese, manganese 
hydroxide, and manganese dioxide; weighing capacity of the aluminium compounds, such as an aluminum 
hydroxide, is carried out so that it may be set to Li: aluminum :Mn=l :x:2-x (element ratio). 

[0016] The raw material which carried out weighing capacity is fully mixed with an agate mortar. After mixture and 
in air or an oxygen air current, at 450 degrees C, it applies for 90 minutes and heat-treats. Then, an agate mortar 
grinds, and it calcinates over 24 hours again at 600-800 degrees C, and cools slowly, and is LiAlx Mn2-x 04. It 
obtained. 

[LiAlx My Mn2-x-y 04 (M is Cr, Fe, Co, and nickel)] 

Manganese salt, or oxy-manganese hydroxide and manganic acid ghosts, such as lithium salt; manganese carbonate, 
such as a lithium carbonate and a lithium hydroxide, manganese acetate, oxalic acid manganese, manganese 
hydroxide, and manganese dioxide; weighing capacity of the compounds, such as salts, such as a carbonate of 
aluminium-compound;M (M is Cr, Fe, Co, and nickel), such as an aluminum hydroxide, acetate, and an oxalate, an 
oxide, a hydroxide, or an oxy-hydroxide, is carried out so that it may become Li:aluminum:M:Mn=l :x:y:2-x-y 
(element ratio). 

[00 1 7] The raw material which carried out weighing capacity is fully mixed with an agate mortar. After mixture and 
in air or an oxygen air current, at 450 degrees C, it applies for 90 minutes and heat-treats. Then, the agate mortar 
ground, again, it calcinated and cooled slowly over 24 hours at 600-800 degrees C, and LiAlx My Mn2-x-y 04 (M 
is Cr, Fe, Co, and nickel) was obtained. 

[0018] Binders, such as current collection material, such as material obtained as mentioned above and acetylene 
black, and polytetrafluoroethylene, were kneaded with the agate mortar, and it rolled out in the shape of a film, it 
pierced circularly, and considered as the electrode pellet. And the lithium secondary battery was constituted using 
the electrolytic solution which consists of a positive electrode which consists of this electrode pellet, for example, 
the negative electrode which consists of an electrode which consisted of material chosen from the groups of an 
intercalation compound like a lithium metal or carbon, and a nonaqueous electolyte which dissolved lithium salt in 
the organic solvent. 
[0019] 

[Example 1] As the form of implementation of the above-mentioned invention explained, it is LiBl / 6 Mnl 1 / 604. 
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It obtained, the positive electrode was constituted using this, the negative electrode was constituted using the metal 
lithium, the electrolytic solution was constituted from a propylene-carbonate solution of the lithium perchlorate of 1 
mol/1, and these constituted the lithium secondary battery. 
[0020] 

[Example 2] As the form of implementation of the above-mentioned invention explained, it is LiAll / 6 Mnl 1 / 
604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted using the 
metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of the lithium 
perchlorate of 1 mol/1, and these constituted the lithium secondary battery. 

[0021] And current density 0.2 mA/cm2 Since the charge and discharge test was performed in the potential range of 
4.5v to 3.5v and change of the capacity density at the time of electric discharge was investigated, the result is shown 
in drawing 2 . 
[0022] 

[Example 3] As the form of implementation of the above-mentioned invention explained, LiBl/12Crl / 12Mnl 1 / 
604 was obtained, the positive electrode was constituted using this, the negative electrode was constituted using the 
metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol [/l. ] lithium 
perchlorate, and these constituted the lithium secondary battery. 

[0023] And current density 0.2 mA/cm2 Since the charge and discharge test was performed in the potential range of 
4J5 v to 3.5 v and change of the capacity density at the time of electric discharge was investigated, the result is shown 
in drawing 3 . 
[0024] 

[Example 4] As the form of implementation of the above-mentioned invention explained, LiBl/12Fel / 12Mnl 1 / 
604 was obtained, the positive electrode was constituted using this, the negative electrode was constituted using the 
metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol [/l. ] lithium 
perchlorate, and these constituted the lithium secondary battery. 
[0025] 

[Example 5] As the form of implementation of the above-mentioned invention explained, LiBl/12Col / 12Mnl 1 / 
604 was obtained, the positive electrode was constituted using this, the negative electrode was constituted using the 
metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol [/l. ] lithium 
perchlorate, and these constituted the lithium secondary battery. 
[0026] 

[Example 6] As the form of implementation of the above-mentioned invention explained, LiBl/12nickell / 
12Mnl 1 / 604 was obtained, the positive electrode was constituted using this, the negative electrode was 
constituted using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of 
a 1 mol [/L ] lithium perchlorate, and these constituted the lithium secondary battery. 
[0027] 

[Example 7] As the form of implementation of the above-mentioned invention explained, it is LiAll/12Crl / 
12Mnl 1 / 604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted 
using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol 
[/l. ] lithium perchlorate, and these constituted the lithium secondary battery. 
[0028] 

[Example 8] As the form of implementation of the above-mentioned invention explained, it is LiAll/12Fel / 
12Mnl 1 / 604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted 
using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol 
[/l. ] lithium perchlorate, and these constituted the lithium secondary battery. 
[0029] 

[Example 9] As the form of implementation of the above-mentioned invention explained, it is LiAll/12Col / 
12Mnl 1 / 604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted 
using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol 
[/L ] lithium perchlorate, and these constituted the lithium secondary battery. 
[0030] 

[Example 10] As the form of implementation of the above-mentioned invention explained, it is LiAll/12nickell / 
12Mnl 1 / 604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted 
using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol 
[/I. ] lithium perchlorate, and these constituted the lithium secondary battery. 
[0031] 

[Property] About the lithium secondary battery of each above-mentioned example, it is current density 0.2 mA/cm2. 
Since the charge and discharge test was performed in the potential range of 4.5v to 3.5 v and change of the capacity 
density at the time of electric discharge was investigated, some are shown in drawing 1 (example 1), drawing 2 
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(example 2), and drawing 3 (example 3). 

[0032] According to this, it turns out that capacity degradation at the time of repeating a charge-and-discharge cycle 
is prevented. Especially Some manganese of a spinel type lithium manganic acid ghost Material LiBx My Mn2-x-y 
04 (0< x 5 0< y, 0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a kind) and LiAlx 
which were replaced by boron and/or aluminum, and transition metals The thing of the electrode which it comes to 
constitute using the material expressed with My Mn2-x-y 04 (0< x, 0< y, 0< x+y< 1 and M are chosen from the 
groups of Cr, Fe, Co, and nickel at least a kind) It turns out that capacity degradation at the time of repeating a 
charge-and-discharge cycle is prevented. 
[0033] 

[Effect of the Invention] Capacity degradation at the time of repeating a charge-and-discharge cycle is prevented. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a lithium secondary battery. 
[0002] 

[Problem(s) to be Solved by the Invention] It is LiMn 204 by Thackeray and others. Since the possibility as a 
positive-electrode material for lithium secondary batteries which shows the high potential called 4v was suggested, 
many researchers have inquired briskly. However, LiMn 204 The lithium secondary battery used as a positive 
electrode has the fault to which capacity falls gradually, when charge and discharge are repeated. 
[0003] Namely, LiMn 204 If a shell Li is made to break away, incurvation of potential will occur [ lithium 
composition ] in the 1/2 neighborhood, and grid volume will contract greatly simultaneously. On the contrary, if 
lithium composition inserts a lithium and goes from a small field, expansion of grid volume will occur [ lithium 
composition ] in the 1/2 neighborhood. Thus, the phase transition accompanied by expansion and contraction of 
grid volume happens at the time of charge and discharge, and it is considered the cause of capacity degradation at 
the time of this repeating a charge-and-discharge cycle. 

[0004] In order to improve capacity degradation by the repeat of this charge-and-discharge cycle, it is LiMn 204. Li 
[Mx Mn2-x] 04 (M is Cr, Co, nickel, Ti, Fe, Mg, Ba, Zn, germanium, and Nb) which replaced a part of Mn by 
other metal ions, and Li[Lix Mn2-x] 04 which were replaced by the lithium ion It was tried. And LiCrx Mn2-x 04 
The increase of the stability of the mother structure of a spinel and the cycle property improved. 
[0005] However, the further improvement was called for. Therefore, the technical problem which this invention 
tends to solve is offering the lithium secondary battery by which capacity degradation at the time of repeating a 
charge-and-discharge cycle was prevented. 
[0006] 

[Means for Solving the Problem] The technical problem of the aforementioned this invention is solved by the 
electrode which is constituted using the material replaced by boron and/or aluminum or boron and/or aluminum, 
and transition metals in some manganese of a spinel type lithium manganic acid ghost, and is characterized by the 
bird clapper. 

[0007] The electrode which is constituted using the material especially expressed with LiBx My Mn2-x-y 04 (0< x, 
0<=y, 0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a kind), and is characterized 
by the bird clapper is solved. Moreover, the electrode which is constituted using the material expressed with LiAlx 
My Mn2-x-y 04 (0< x, 0<=y, 0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a 
kind), and is characterized by the bird clapper is solved. 

[0008] In addition, the above-mentioned LiBx My Mn2-x-y 04 LiAlx My Mn2-x-y 04 It sets and that [ x ] 0-1, and 
whose x+y are 0.01-1 is [ 0.01-ly ] desirable. As for especially x, 0.05-0.2 are desirable. As for y, 0.05-0.2 are 
desirable. Moreover, the technical problem of the aforementioned this invention is solved by the lithium secondary 
battery characterized by the bird clapper from the positive electrode which consists of the above-mentioned 
electrode, a negative electrode, and the electrolytic solution. 

[0009] In addition, the negative electrode in the above-mentioned lithium secondary battery consists of material 
chosen from the groups of an intercalation compound like for example, a lithium metal or carbon. Moreover, the 
electrolytic solution in the above-mentioned lithium secondary battery consists of nonaqueous electolytes which 
dissolved lithium salt in the organic solvent. And since the electrode made to constitute as mentioned above is the 
thing of the structure by which atomic weight was small and replaced some manganese of a spinel type lithium 
manganic acid ghost from Mn with trivalent boron ion and trivalent aluminum ion with strong binding energy with 
oxygen, capacity degradation at the time of repeating a charge-and-discharge cycle is prevented effectively. 
[0010] 

[Embodiments of the Invention] The electrode of this invention, especially the positive electrode of a lithium 
secondary battery are constituted using the material replaced by boron and/or aluminum or boron and/or aluminum, 
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and transition metals in some manganese of a spinel type lithium manganic acid ghost. It is constituted using the 
material especially expressed with LiBx My Mn2-x-y 04 (0< x, 0<=y, 0< x+y< 1 and M are chosen from the 
groups of Cr, Fe, Co, and nickel at least a kind). Moreover, it is constituted using the material expressed with LiAlx 
My Mn2-x-y 04 (0< x, 0<=y, 0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a 
kind). And x is [ especially 0.01-1 (especially 0.05-0.2), and x+y of 0.01-1 (especially 0.05-0.2)y ] 0.01-1. 
[001 1] Moreover, the lithium secondary battery of this invention consists of the positive electrode which consists of 
the above-mentioned electrode, a negative electrode, and the electrolytic solution. The negative electrode in this 
lithium secondary battery is chosen from the groups of an intercalation compound like for example, a lithium metal 
or carbon. Moreover, the electrolytic solution consists of nonaqueous electolytes which dissolved lithium salt in the 
organic solvent. Hereafter, it explains further. 
[0012] [LiBx Mn2-x 04] 

Manganese salt, or oxy -manganese hydroxide and manganic acid ghosts, such as lithium salt; manganese carbonate, 
such as a lithium carbonate and a lithium hydroxide, manganese acetate, oxalic acid manganese, manganese 
hydroxide, and manganese dioxide; weighing capacity of a boron salt or boron oxides, such as boric-acid and 
diacid-ized boron, is carried out so that it may be set to Li:B:Mn=l:x:2-x (element ratio). 

[0013] The raw material which carried out weighing capacity is fully mixed with an agate mortar. After mixture and 
in air or an oxygen air current, at 450 degrees C, it applies for 90 minutes and heat-treats. Then, an agate mortar 
grinds, and it calcinates over 24 hours again at 600-800 degrees C, and cools slowly, and is LiBx Mn2-x 04. It 
obtained. 

[LiBx My Mn2-x-y 04 (M is Cr, Fe, Co, and nickel)] 

Manganese salt, or oxy -manganese hydroxide and manganic acid ghosts, such as lithium salt; manganese carbonate, 
such as a lithium carbonate and a lithium hydroxide, manganese acetate, oxalic acid manganese, manganese 
hydroxide, and manganese dioxide; weighing capacity of the compounds, such as salts, such as boron salts, such as 
boric-acid and diacid-ized boron, or a carbonate of boron oxide;M (M is Cr, Fe, Co, and nickel), acetate, and an 
oxalate, an oxide, a hydroxide, or an oxy -hydroxide, is carried out so that it may become Li:B:M:Mn=l :x:y: 
[0014] The raw material which carried out weighing capacity is fully mixed with an agate mortar. After mixture and 
in air or an oxygen air current, at 450 degrees C, it applies for 90 minutes and heat-treats. Then, the agate mortar 
ground, again, it calcinated and cooled slowly over 24 hours at 600-800 degrees C, and LiBx My Mn2-x-y 04 (M is 
Cr, Fe, Co, and nickel) was obtained. 
[0015] [LiAlx Mn2-x 04] 

Manganese salt, or oxy -manganese hydroxide and manganic acid ghosts, such as lithium salt; manganese carbonate, 
such as a lithium carbonate and a lithium hydroxide, manganese acetate, oxalic acid manganese, manganese 
hydroxide, and manganese dioxide; weighing capacity of the aluminium compounds, such as an aluminum 
hydroxide, is carried out so that it may be set to Li:aluminum:Mn=l :x:2-x (element ratio). 

[0016] The raw material which carried out weighing capacity is fully mixed with an agate mortar. After mixture and 
in air or an oxygen air current, at 450 degrees C, it applies for 90 minutes and heat-treats. Then, an agate mortar 
grinds, and it calcinates over 24 hours again at 600-800 degrees C, and cools slowly, and is LiAlx Mn2-x 04. It 
obtained. 

[LiAlx My Mn2-x-y 04 (M is Cr, Fe, Co, and nickel)] 

Manganese salt, or oxy -manganese hydroxide and manganic acid ghosts, such as lithium salt; manganese carbonate, 
such as a lithium carbonate and a lithium hydroxide, manganese acetate, oxalic acid manganese, manganese 
hydroxide, and manganese dioxide; weighing capacity of the compounds, such as salts, such as a carbonate of 
aluminium-compound;M (M is Cr, Fe, Co, and nickel), such as an aluminum hydroxide, acetate, and an oxalate, an 
oxide, a hydroxide, or an oxy-hydroxide, is carried out so that it may become Li:aluminum:M:Mn=l:x:y:2-x-y 
(element ratio). 

[0017] The raw material which carried out weighing capacity is fully mixed with an agate mortar. After mixture and 
in air or an oxygen air current, at 450 degrees C, it applies for 90 minutes and heat-treats. Then, the agate mortar 
ground, again, it calcinated and cooled slowly over 24 hours at 600-800 degrees C, and LiAlx My Mn2-x-y 04 (M 
is Cr, Fe, Co, and nickel) was obtained. 

[0018] Binders, such as current collection material, such as material obtained as mentioned above and acetylene 
black, and polytetrafluoroethylene, were kneaded with the agate mortar, and it rolled out in the shape of a film, it 
pierced circularly, and considered as the electrode pellet. And the lithium secondary battery was constituted using 
the electrolytic solution which consists of a positive electrode which consists of this electrode pellet, for example, 
the negative electrode which consists of an electrode which consisted of material chosen from the groups of an 
intercalation compound like a lithium metal or carbon, and a nonaqueous electolyte which dissolved lithium salt in 
the organic solvent. 
[0019] 

[Example 1] As the form of implementation of the above-mentioned invention explained, it is LiBl / 6 Mnl 1 / 604. 
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It obtained, the positive electrode was constituted using this, the negative electrode was constituted using the metal 
lithium, the electrolytic solution was constituted from a propylene-carbonate solution of the lithium perchlorate of 1 
mol/1, and these constituted the lithium secondary battery. 
[0020] 

[Example 2] As the form of implementation of the above-mentioned invention explained, it is LiAll / 6 Mnl 1 / 
604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted using the 
metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of the lithium 
perchlorate of 1 mol/1, and these constituted the lithium secondary battery. 

[0021] And current density 0.2 mA/cm2 Since the charge and discharge test was performed in the potential range of 
4.5v to 3.5v and change of the capacity density at the time of electric discharge was investigated, the result is shown 
in drawing 2 . 
[0022] 

[Example 3] As the form of implementation of the above-mentioned invention explained, LiBl/12Crl / 12Mnl 1 / 
604 was obtained, the positive electrode was constituted using this, the negative electrode was constituted using the 
metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol [/l. ] lithium 
perchlorate, and these constituted the lithium secondary battery. 

[0023] And current density 0.2 mA/cm2 Since the charge and discharge test was performed in the potential range of 
4.5v to 3.5v and change of the capacity density at the time of electric discharge was investigated, the result is shown 
in drawing 3 . 
[0024] 

[Example 4] As the form of implementation of the above-mentioned invention explained, LiBl/12Fel / 12Mnll / 
604 was obtained, the positive electrode was constituted using this, the negative electrode was constituted using the 
metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol [/l. ] lithium 
perchlorate, and these constituted the lithium secondary battery. 
[0025] 

[Example 5] As the form of implementation of the above-mentioned invention explained, LiBl/12Col / 12Mnl 1 / 
604 was obtained, the positive electrode was constituted using this, the negative electrode was constituted using the 
metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol [/I. ] lithium 
perchlorate, and these constituted the lithium secondary battery. 
[0026] 

[Example 6] As the form of implementation of the above-mentioned invention explained, LiBl/12nickell / 
12Mnl 1 / 604 was obtained, the positive electrode was constituted using this, the negative electrode was 
constituted using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of 
a 1 mol [/l. ] lithium perchlorate, and these constituted the lithium secondary battery. 
[0027] 

[Example 7] As the form of implementation of the above-mentioned invention explained, it is LiAll/12Crl / 

12Mnl 1 / 604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted 

using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol 

[/l. ] lithium perchlorate, and these constituted the lithium secondary battery. 

[0028] ' 

[Example 8] As the form of implementation of the above-mentioned invention explained, it is LiAll /12Fel / 

12Mnl 1 / 604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted 

using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol 

[/l. ] lithium perchlorate, and these constituted the lithium secondary battery. 

[0029] 

[Example 9] As the form of implementation of the above-mentioned invention explained, it is LiAll/12Col / 
12Mnl 1 / 604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted 
using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol 
[/l. ] lithium perchlorate, and these constituted the lithium secondary battery. 
[0030] 

[Example 10] As the form of implementation of the above-mentioned invention explained, it is LiAll/12nickell / 
12Mnl 1 / 604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted 
using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol 
[/I. ] lithium perchlorate, and these constituted the lithium secondary battery. 
[0031] 

[Property] About the lithium secondary battery of each above-mentioned example, it is current density 0.2 mA/cm2. 
Since the charge and discharge test was performed in the potential range of 4.5v to 3.5v and change of the capacity 
density at the time of electric discharge was investigated, some are shown in drawing 1 (example 1), drawing 2 
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(example 2), and drawing 3 (example 3). 

[0032] According to this, it turns out that capacity degradation at the time of repeating a charge-and-discharge cycle 
is prevented. Especially Some manganese of a spinel type lithium manganic acid ghost Material LiBx My Mn2-x-y 
04 (0< x, 0< y, 0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a kind) and LiAlx 
which were replaced by boron and/or aluminum, and transition metals The thing of the electrode which it comes to 
constitute using the material expressed with My Mn2-x-y 04 (0< x, 0< y, 0< x+y< 1 and M are chosen from the 
groups of Cr, Fe, Co, and nickel at least a kind) It turns out that capacity degradation at the time of repeating a 
charge-and-discharge cycle is prevented. 
[0033] 

[Effect of the Invention] Capacity degradation at the time of repeating a charge-and-discharge cycle is prevented. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 

[The technical field to which invention belongs] this invention relates to a lithium secondary battery. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Capacity degradation at the time of repeating a charge-and-discharge cycle is prevented. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
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2. **** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] It is LiMn 204 by Thackeray and others. Since the possibility as a 
positive-electrode material for lithium secondary batteries which shows the high potential called 4v was suggested, 
many researchers have inquired briskly. However, LiMn 204 The lithium secondary battery used as a positive 
electrode has the fault to which capacity falls gradually, when charge and discharge are repeated. 
[0003] Namely, LiMn 204 If a shell Li is made to break away, crookedness of potential will occur [ lithium 
composition ] in the 1/2 neighborhood, and grid volume will contract greatly simultaneously. On the contrary, if 
lithium composition inserts a lithium and goes from a small field, expansion of grid volume will occur [ lithium 
composition ] in the 1/2 neighborhood. Thus, the phase transition accompanied by expansion and contraction of 
grid volume happens at the time of charge and discharge, and it is considered the cause of capacity degradation at 
the time of this repeating a charge-and-discharge cycle. 

[0004] In order to improve capacity degradation by the repeat of this charge-and-discharge cycle, it is LiMn 204. Li 
[Mx Mn2-x] 04 (M is Cr, Co, nickel, Ti, Fe, Mg, Ba, Zn, germanium, and Nb) which replaced a part of Mn by 
other metal ions, and Li[Lix Mn2-x] 04 which were replaced by the lithium ion It was tried. And LiCrx Mn2-x 04 
The increase of the stability of the mother structure of a spinel and the cycle property improved. 
[0005] However, the further improvement was called for. Therefore, the technical problem which this invention 
tends to solve is offering the lithium secondary battery by which capacity degradation at the time of repeating a 
charge-and-discharge cycle was prevented. 
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MEANS 



[Means for Solving the Problem] The technical problem of the aforementioned this invention is solved by the 
electrode which is constituted using the material replaced by boron and/or aluminum or boron and/or aluminum, 
and transition metals in some manganese of a spinel type lithium manganic acid ghost, and is characterized by the 
bird clapper. 

[0007] The electrode which is constituted using the material especially expressed with LiBx My Mn2-x-y 04 (0< x, 
0<=y, 0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a kind), and is characterized 
by the bird clapper is solved. Moreover, the electrode which is constituted using the material expressed with LiAlx 
My Mn2-x-y 04 (0< x, 0<=y, 0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a 
kind), and is characterized by the bird clapper is solved. 

[0008] In addition, the above-mentioned LiBx My Mn2-x-y 04 LiAlx My Mn2-x-y 04 It sets and that [ x ] 0-1, and 
whose x+y are 0.01-1 is [ 0.01-ly ] desirable. As for especially x, 0.05-0.2 are desirable. As for y, 0.05-0.2 are 
desirable. Moreover, the technical problem of the aforementioned this invention is solved by the lithium secondary 
battery characterized by the bird clapper from the positive electrode which consists of the above-mentioned 
electrode, a negative electrode, and the electrolytic solution. 

[0009] In addition, the negative electrode in the above-mentioned lithium secondary battery consists of material 
chosen from the groups of an intercalation compound like for example, a lithium metal or carbon. Moreover, the 
electrolytic solution in the above-mentioned lithium secondary battery consists of nonaqueous electolytes which 
dissolved lithium salt in the organic solvent. And since the electrode made to constitute as mentioned above is the 
thing of the structure by which atomic weight was small and replaced some manganese of a spinel type lithium 
manganic acid ghost from Mn with trivalent boron ion and trivalent aluminum ion with strong binding energy with 
oxygen, capacity degradation at the time of repeating a charge-and-discharge cycle is prevented effectively. 
[0010] 

[Embodiments of the Invention] The electrode of this invention, especially the positive electrode of a lithium 
secondary battery are constituted using the material replaced by boron and/or aluminum or boron and/or aluminum, 
and transition metals in some manganese of a spinel type lithium manganic acid ghost. It is constituted using the 
material especially expressed with LiBx My Mn2-x-y 04 (0< x, 0<=y, 0< x+y< 1 and M are chosen from the 
groups of Cr, Fe, Co, and nickel at least a kind). Moreover, it is constituted using the material expressed with LiAlx 
My Mn2-x-y 04 (0< x, 0<=y, 0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a 
kind). And x is [ especially 0.01-1 (especially 0.05-0.2), and x+y of 0.01-1 (especially 0.05-0.2)y ] 0.01-1. 
[001 1] Moreover, the lithium secondary battery of this invention consists of the positive electrode which consists of 
the above-mentioned electrode, a negative electrode, and the electrolytic solution. The negative electrode in this 
lithium secondary battery is chosen from the groups of an intercalation compound like for example, a lithium metal 
or carbon. Moreover, the electrolytic solution consists of nonaqueous electolytes which dissolved lithium salt in the 
organic solvent. Hereafter, it explains further. 
[0012] [LiBx Mn2-x 04] 

Manganese salt, or oxy-manganese hydroxide and manganic acid ghosts, such as lithium salt; manganese carbonate, 
such as a lithium carbonate and a lithium hydroxide, manganese acetate, oxalic acid manganese, manganese 
hydroxide, and manganese dioxide; weighing capacity of a boron salt or boron oxides, such as boric-acid and 
diacid-ized boron, is carried out so that it may be set to Li:B:Mn=l :x:2-x (element ratio). 

[0013] The raw material which carried out weighing capacity is fully mixed with an agate mortar. After mixture and 
in air or an oxygen air current, at 450 degrees C, it applies for 90 minutes and heat-treats. Then, an agate mortar 
grinds, and it calcinates over 24 hours again at 600-800 degrees C, and cools slowly, and is LiBx Mn2-x 04. It 
obtained. 

[LiBx My Mn2-x-y 04 (M is Cr, Fe, Co, and nickel)] 

Manganese salt, or oxy-manganese hydroxide and manganic acid ghosts, such as lithium salt; manganese carbonate, 
such as a lithium carbonate and a lithium hydroxide, manganese acetate, oxalic acid manganese, manganese 
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hydroxide, and manganese dioxide; weighing capacity of the compounds, such as salts, such as boron salts, such as 
boric-acid and diacid-ized boron, or a carbonate of boron oxide;M (M is Cr, Fe, Co, and nickel), acetate, and an 
oxalate, an oxide, a hydroxide, or an oxy-hydroxide, is carried out so that it may become Li:B:M:Mn=l :x:y: 
[0014] The raw material which carried out weighing capacity is fully mixed with an agate mortar. After mixture and 
in air or an oxygen air current, at 450 degrees C, it applies for 90 minutes and heat-treats. Then, the agate mortar 
ground, again, it calcinated and cooled slowly over 24 hours at 600-800 degrees C, and LiBx My Mn2-x-y 04 (M is 
Cr, Fe, Co, and nickel) was obtained. 
[0015] [LiAlx Mn2-x 04] 

Manganese salt, or oxy-manganese hydroxide and manganic acid ghosts, such as lithium salt; manganese carbonate, 
such as a lithium carbonate and a lithium hydroxide, manganese acetate, oxalic acid manganese, manganese 
hydroxide, and manganese dioxide; weighing capacity of the aluminium compounds, such as an aluminum 
hydroxide, is carried out so that it may be set to Li:aluminum:Mn=l :x:2-x (element ratio). 

[0016] The raw material which carried out weighing capacity is fully mixed with an agate mortar. After mixture and 
in air or an oxygen air current, at 450 degrees C, it applies for 90 minutes and heat-treats. Then, an agate mortar 
grinds, and it calcinates over 24 hours again at 600-800 degrees C, and cools slowly, and is LiAlx Mn2-x 04. It 
obtained. 

[LiAlx My Mn2-x-y 04 (M is Cr, Fe, Co, and nickel)] 

Manganese salt, or oxy-manganese hydroxide and manganic acid ghosts, such as lithium salt; manganese carbonate, 
such as a lithium carbonate and a lithium hydroxide, manganese acetate, oxalic acid manganese, manganese 
hydroxide, and manganese dioxide; weighing capacity of the compounds, such as salts, such as a carbonate of 
aluminium-compound;M (M is Cr, Fe, Co, and nickel), such as an aluminum hydroxide, acetate, and an oxalate, an 
oxide, a hydroxide, or an oxy-hydroxide, is carried out so that it may become Li:aluminum:M:Mn=l :x:y :2-x-y 
(element ratio). 

[0017] The raw material which carried out weighing capacity is fully mixed with an agate mortar. After mixture and 
in air or an oxygen air current, at 450 degrees C, it applies for 90 minutes and heat-treats. Then, the agate mortar 
ground, again, it calcinated and cooled slowly over 24 hours at 600-800 degrees C, and LiAlx My Mn2-x-y 04 (M 
is Cr, Fe, Co, and nickel) was obtained. 

[0018] Binders, such as current collection material, such as material obtained as mentioned above and acetylene 
black, and poly tetrafluoroethylene, were kneaded with the agate mortar, and it rolled out in the shape of a film, it 
pierced circularly, and considered as the electrode pellet. And the lithium secondary battery was constituted using 
the electrolytic solution which consists of a positive electrode which consists of this electrode pellet, for example, 
the negative electrode which consists of an electrode which consisted of material chosen from the groups of an 
intercalation compound like a lithium metal or carbon, and a nonaqueous electolyte which dissolved lithium salt in 
the organic solvent. 
[0019] 

[Example 1] As the gestalt of implementation of the above-mentioned invention explained, it is LiBl / 6 Mnl 1 / 
604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted using the 
metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of the lithium 
perchlorate of 1 mol/1, and these constituted the lithium secondary battery. 
[0020] 

[Example 2] As the gestalt of implementation of the above-mentioned invention explained, it is Li All / 6 Mnl 1 / 
604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted using the 
metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of the lithium 
perchlorate of 1 mol/1, and these constituted the lithium secondary battery. 

[0021] And current density 0.2 mA/cm2 Since the charge and discharge test was performed in the potential range of 
4.5v to 3.5v and change of the capacity density at the time of electric discharge was investigated, the result is shown 
in drawing 2 . 
[0022] 

[Example 3] As the gestalt of implementation of the above-mentioned invention explained, LiBl/12Crl / 12Mnl 1 / 
604 was obtained, the positive electrode was constituted using this, the negative electrode was constituted using the 
metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol [/l. ] lithium 
perchlorate, and these constituted the lithium secondary battery. 

[0023] And current density 0.2 mA/cm2 Since the charge and discharge test was performed in the potential range of 
4.5v to 3.5v and change of the capacity density at the time of electric discharge was investigated, the result is shown 
in drawing 3 . 
[0024] 

[Example 4] As the gestalt of implementation of the above-mentioned invention explained, LiBl/12Fel / 12Mnl 1 / 
604 was obtained, the positive electrode was constituted using this, the negative electrode was constituted using the 
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metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol [/l. ] lithium 

perchlorate, and these constituted the lithium secondary battery. 

[0025] 

[Example 5] As the gestalt of implementation of the above-mentioned invention explained, LiBl/12Col / 12Mnl 1 / 
604 was obtained, the positive electrode was constituted using this, the negative electrode was constituted using the 
metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol [/l. ] lithium 
perchlorate, and these constituted the lithium secondary battery. 
[0026] 

[Example 6] As the gestalt of implementation of the above-mentioned invention explained, LiBl/12nickell / 
12Mnl 1 / 604 was obtained, the positive electrode was constituted using this, the negative electrode was 
constituted using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of 
a 1 mol [/l. ] lithium perchlorate, and these constituted the lithium secondary battery. 
[0027] 

[Example 7] As the gestalt of implementation of the above-mentioned invention explained, it is LiAll/12Crl / 
12Mnl 1 / 604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted 
using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol 
[/l. ] lithium perchlorate, and these constituted the lithium secondary battery. 
[0028] 

[Example 8] As the gestalt of implementation of the above-mentioned invention explained, it is LiAll/12Fel / 
12Mnl 1 / 604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted 
using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol 
[/l. ] lithium perchlorate, and these constituted the lithium secondary battery. 
[0029] 

[Example 9] As the gestalt of implementation of the above-mentioned invention explained, it is LiAll/12Col / 
12Mnl 1 / 604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted 
using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol 
[/l. ] lithium perchlorate, and these constituted the lithium secondary battery. 
[0030] 

[Example 10] As the gestalt of implementation of the above-mentioned invention explained, it is LiAll/12nickell / 
12Mnl 1 / 604. It obtained, the positive electrode was constituted using this, the negative electrode was constituted 
using the metal lithium, the electrolytic solution was constituted from a propylene-carbonate solution of a 1 mol 
[/l. ] lithium perchlorate, and these constituted the lithium secondary battery. 
[0031] 

[Property] About the lithium secondary battery of each above-mentioned example, it is current density 0.2 mA/cm2. 
Since the charge and discharge test was performed in the potential range of 4.5v to 3.5v and change of the capacity 
density at the time of electric discharge was investigated, some are shown in drawing 1 (example 1), drawing 2 
(example 2), and drawing 3 (example 3). 

[0032] According to this, it turns out that capacity degradation at the time of repeating a charge-and-discharge cycle 
is prevented. Especially Some manganese of a spinel type lithium manganic acid ghost Material LiBx My Mn2-x-y 
04 (0< x, 0< y, 0< x+y< 1 and M are chosen from the groups of Cr, Fe, Co, and nickel at least a kind) and LiAlx 
which were replaced by boron and/or aluminum, and transition metals The thing of the electrode which it comes to 
constitute using the material expressed with My Mn2-x-y 04 (0< x, 0< y, 0< x+y< 1 and M are chosen from the 
groups of Cr, Fe, Co, and nickel at least a kind) It turns out that capacity degradation at the time of repeating a 
charge-and-discharge cycle is prevented. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The graph which shows change of the capacity density at the time of electric discharge of the lithium 
secondary battery of an example 1 

[Drawing 2] The graph which shows change of the capacity density at the time of electric discharge of the lithium 
secondary battery of an example 2 

[Drawing 3] The graph which shows change of the capacity density at the time of electric discharge of the lithium 
secondary battery of an example 3 
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